ABSTRACT: Recreational soccer (RS) is becoming a popular alternative to the classical continuous exercise mode used for the improvement of cardiovascular and metabolic fitness in untrained people. The objective of this paper was to conduct a detailed systematic review of the literature, identifying the physiological responses to RS and the training effects of RS on aerobic fitness and health in untrained healthy individuals and clinical patients. PubMed, Google Scholar and ScienceDirect databases were searched using terms related to recreational soccer. Inclusion criteria were randomized controlled trials (RCT) that assessed acute physiological responses to RS or the training effects of RS on physical fitness and health in sedentary, untrained subjects of any age or health status. All studies were assessed for methodological quality using the PEDro scale. Thirty-five articles met the inclusion criteria; seven examined the acute response to RS, and 28 assessed training effects. Clear evidence was found that RS had positive effects on many health-related indices and variables, including VO 2 max (gains of 7-16%), blood pressure (reductions of 6-13 mmHg), body composition (decreased fat mass and improved indices of bone health), and metabolic and cardiac function. These positive effects were observed in both healthy individuals and clinical patients, irrespective of age or sex. Although this review provides clear evidence of the positive effects of RS on health, most studies had limitations of methodology (an average PEDro score < 6). Furthermore, many of the training studies were from a small number of research groups. Future studies should be extended to other countries and institutions to ensure generality of the results. Regular RS training leads to significant cardiovascular and muscular adaptations and gains of health both in sedentary individuals and clinical patients at all ages, suggesting that RS is a potentially highly motivational method to enhance population health. Factors such as pitch size, the number of players, and training time and/or format can substantially modify exercise characteristics [7, 8] , but the potential effects of game manipulation have yet to be explored.
INTRODUCTION
Physical inactivity is a global public health problem that has contributed to the growing prevalence of obesity, diabetes mellitus, cardiovascular disease, hypertension, and stroke in modern societies [1, 2] .
Studies investigating the health benefits of regular physical activity have focused primarily on aerobic exercise, including treadmill or outdoor running and cycle ergometry, both as continuous and interval forms of training [3, 4] . However, adherence to these modes of physical activity in the general population is relatively low, perhaps because such activities can be quite boring; often, as many as a half of participants cease to attend formal exercise classes after a few months.
There is thus a need to find more enjoyable modes of training that elicit greater adherence by optimizing intrinsic motivation while offering health benefits that match those achieved by treadmill and [11] and in patients with various chronic conditions [12, 13] .
Both narrative and meta-analytic reviews [14, 15] point to the conclusion that regular participation in RS can enhance both physical fitness and health status in untrained subjects. Bangsbo et al. [14] showed that small-sided RS games had marked positive effects on cardiovascular and metabolic function in untrained adult men, although they did not discuss research on the responses of women and children.
A more recent meta-analysis [15] suggested that RS produced large improvements in maximal oxygen intake ( · VO 2 max) compared to other forms of training, regardless of the age, sex or health status of the participants. However, this meta-analysis included only studies that had made direct measurements of changes in · VO 2 max.
Given the limitations of the aforementioned reviews and the fast appearance of publications on RS, the aim of the present review was to provide a systematic examination of potential factors affecting the intensity of RS, to determine acute physiological responses to such activity and to detail effects on aerobic performance and indices of health in both sedentary individuals and patients with various chronic clinical conditions..
MATERIALS AND METHODS

Search strategy. The search process followed Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for the conduct of systematic reviews [16] . The search covered three electronic databases (PubMed, Google Scholar, and ScienceDirect).
Given the small number of articles relating to recreational soccer, no limits were placed on the search period. The terms "soccer", "smallsided game", "football", "recreational", "sedentary", "physiological" and/or "health" were used either singly or combined in a systematic sequence. Manual searches were also made using reference lists from the recovered articles.
Study selection and inclusion criteria
Studies were included in the review if they met the following criteria:
(1) Randomized studies assessing acute physiological responses to RS or the training effects of RS on physical fitness and health indices in sedentary, untrained, recreational subjects of any age or health status, including the obese, diabetic, and hypertensive individuals.
(2) The outcomes were physiological (e.g., changes in heart rate, lactate or · VO 2 max.) or improvements in indices of physical fitness and health (e.g., body composition, blood pressure, aerobic fitness, cardiac structure and function). After the initial literature search and the screening of titles and abstracts from the 3 databases, a full text review of apparently relevant articles was made to ensure that they met the specified inclusion criteria (Figure 1 ).
Data extraction and quality assessment
Data from studies that met the inclusion criteria, including authors, year of publication, study subjects' characteristics, training programme (duration, frequency and intensity), outcome measures and the most important results, were extracted by one author, while the methodological quality and validity of the data were independently verified by two authors, with disagreements being resolved by discussion. The quality of the studies included was assessed formally using the PEDro scale [16] . This rates validity on a scale of 1-11 according to the following criteria: 1) Eligibility criteria specified. 2) Random allocation of subjects. 3) Concealed allocation of subjects. 4) Groups similar at baseline. 5) Subject blinding. 6) Therapist blinding. 7)
Assessor blinding. 8) Less than 15% dropouts. 9) Intention-to-treat analysis. 10) Between-group statistical comparisons. 11) Point measures and variability of the data. Item 1 is not used in the scoring because it is related to external validity.
RESULTS
Study selection.
Our search identified 605 potentially relevant articles.
After a reading of abstracts and full text review, only 35 articles met the inclusion criteria. These studies are listed in table 1. Seven papers examined acute physiological responses to RS [7, 8, [17] [18] [19] [20] [21] and 28 reported effects of RS on physical fitness and indices of health. Of the latter, 18 articles focused on healthy subjects [5, 6, 9, 10, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] ], 2 on overweight or obese children and adolescents [11, 36] , and 8 on effects in various clinical populations (i.e., diabetics, hypertensive, and patients with cancer) [12, 13, [37] [38] [39] [40] [41] [42] . and favourable changes in many health-related indices including systemic blood pressure, bone turnover, metabolic factors, and cardiac function and structure. These various positive effects were observed in overweight and obese children and adolescents [11, 36] , in healthy men and women [22, 27] , and in hypertensive, diabetic, and cancer patients [12, 13, 37] .
Study characteristics
Methodological qualities of the included studies
The quality of the studies included in our analysis was relatively weak (Table 1 ). The mean PEDro score was 5.51/10 (range 4 to 7).
However, all investigations were randomized controlled trials with an acceptable sample size. For practical reasons, most studies did not adopt a blinding design, but all studies made a between-group comparison.
DISCUSSION
Physiological responses and factors affecting the intensity of RS
As in elite soccer, physiological responses during RS have been assessed through measurements of heart rate and blood lactate, and by ratings of perceived exertion (RPE). Heart rate remains the most commonly used indirect but objective method of monitoring physiological stress [43] . In some small-sided soccer games, the HR increased to the same level as that observed during short-duration intermittent running [44] . The cardiovascular load during RS can exceed 80% of HRmax, and such intensities are similar to those observed in elite soccer games [21] (Table 2 ). For example, Castagna et al. [18] showed that the mean HR (% HR max) and the ) than strength training [32] . The above data suggest that RS elicits a high relative intensity of physical activity and that regular participation in such activity should have a substantial cardiovascular and metabolic impact on untrained subjects. Mohr et al. [12] + + -+ ---+ -+ + 5
Mohr et al. [38] + + -+ ---+ + + + 6
Randers et al. [9] + + -+ ---+ + + + 6
Randers et al. [7] + + -+ ---+ + + + 6
Randers et al. [21] + + -+ ---+ + + + 6
Schmidt et al. [22] + + + + ---+ + + + 7
Soussa et al. [37] + + -+ -----+ + 4
Toh et al. [19] + + -+ ---+ -+ + 5
Uth et al. [13] + + + + -----+ + 5
Vasconcellos et al. [11] + + + + --+ + -+ + 7
Note: * not included in scoring The intensity of RS can be manipulated by the modification of such variables as the number of players, the pitch area, the game format and its duration. Further, such manipulation is important in adjusting training prescriptions for health in untrained individuals. A few studies have examined factors affecting the intensity of RS exercise in untrained subjects. Aslan [8] demonstrated that cardiac responses were higher during 5-a-side than in 7-a-side games in recreational active males (the mean heart rates were Another factor affecting RS is the nature of the playing surface.
Brito et al. [20] compared physiological responses on artificial turf, asphalt, and sand. The mean HR on all 3 surfaces was higher than 80% of HRmax, with averages of 84.8% ± 1.5, 87.8% ± 0.8 and 82.4% ± 1.3 on sand, turf, and asphalt respectively. The difference of HR between turf and asphalt was statistically significant. BL was also significantly lower on asphalt than on sand ); and RPE was significantly lower on asphalt than on either turf or sand. Nevertheless, all 3 surfaces provided an adequate physiological stimulus to achieve substantial fitness and health benefits.
It appears that a decrease in the number of players and an increase in pitch area can be suitable approaches to increase the intensity of RS; however, further studies are needed to determine optimal formats for the training of various types of population. [7] 45 Note: RS= recreational soccer; ST = strength training; RN = running training; HR = heart rate; M = male F = female; Submax = submaximal; BL = Blood lactate; · VO 2 = oxygen uptake; NC: no significant change; ↑ = improvement; ↓ = decrease; *: significant differences from control. Note: RS = recreational soccer training; RN = running training; RST = resistance training; BP = blood pressure; BMD = bone mineral density; M = male; F =female,; NC= Non-significant changes; ↑ = improvement; ↓ = decrease; LBM = lean body mass; BMC = Bone mineral content; LDL = low-density lipoprotein; HDL = High-density lipoprotein. ranged from 3 to 31% [9, 11] . Bangsbo et al. [31] ) compared with a matched control group [11] . Likewise, middle-aged hypertensive men and women who completed a period of RS showed significant improvements in · VO 2 max of 6.1% [39] and in intermittent endurance (from 30% to 111%) [6, 12, 31] . The mean HR during RS training was above 75% of HRmax [30, 31] and the HR was above 90% of HRmax for 16.6% of the game [45] , indicating the important stimulus to aerobic training during a typical RS game.
Effects of RS on aerobic performance and physical fitness
Other studies point to the beneficial effects of RS on various measures of physical fitness (jump height, muscle strength, sprint times and balancing ability). Significant and greater improvements in sprint time (0.11 s) and maximal strength (1.1%) were noted after RS compared with continuous running [24] . Furthermore, the jump performance of overweight boys and healthy untrained men showed significant gains ranging from 5% to 15% following periods of RS [9, 27, 36] . Likewise, postural balance as assessed by the flamingo test improved significantly (by about 45%) after RS [9, 35] . It seems reasonable to attribute the enhanced physical fitness and balance to the intermittent high-intensity movements of soccer that include frequent accelerations, jumping and changes of direction.
Health benefits
Effects on body compositions
Regular participation in RS has positive effects on body composition in both healthy individuals and patients with clinical conditions (table 4 and weeks of RS [33, 46] . Likewise, in healthy adult men fat mass was significantly decreased (3%) and lean body mass was increased significantly (1.7 kg) after 12 weeks of RS [25] .
Positive effects of RS on body composition have also been demonstrated in obese individuals and in various patient populations.
Thus Vasconcellos et al. [11] showed that 12 weeks of thrice weekly RS led to a significant decrease of BMI (2.3%) and body fat (4.9%) in obese adolescents. Others noted significant decreases of fat mass (ranging from 2 to 5%) after 12-24 weeks of RS training in hypertensive patients [12, 39, 41] . Likewise, De Sousa et al. [37] [33] .
Effects on bone mineral density
Bone strength and good postural balance make important contributions to a low frequency of falls and a reduced risk of skeletal fracture [47] . Total (13%) and leg (24%) bone mineral density (BMD)
values were higher in elite female football players than untrained women [48] . Participation in RS also produces positive changes in bone health. Thus, in healthy premenopausal women, a 14-week period of RS caused a significant increase in total volumetric BMD in the left and right tibias (2.6 ± 2.3% and 2.1 ± 1.8%, respectively), coupled with significant increases in strength, and enhanced postural balance as assessed by the Flamingo test) [5] . Furthermore, female hospital employees showed significant increases in plasma concentrations of osteocalcin and BMC over 12 weeks of RS [45] , and healthy adult men had gains of leg bone density (2%) and leg bone mass (3.5%) after 64 weeks of RS [9] . Again, Helge et al. [28] showed that 12 months of RS caused significant increases in BMD in the proximal femur (5.4%) and in plasma osteocalcin concentrations (46%) of elderly men (average age 68 years), with no significant changes of these variables in a matched strength-training group.
Among women suffering from mild hypertension, greater effects on markers of bone turnover were observed after 15 weeks of RS compared with after programmes of moderate or high-intensity swimming [38] . The positive effects on BMD, strength, and balance reflect the physical requirements of RS: intense movements in various directions, jumps, accelerations, decelerations, and rapid side-cutting movements, all of which cause mechanical impacts that stimulate bone calcification as well as enhancing vertical jumping ability and muscular strength [5] . RS appears to be an effective method for improving bone health, especially in untrained premenopausal women.
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No study has yet investigated the effects of RS on BMD in untrained children or adolescents. However, some longitudinal studies of young soccer players show an association between soccer practice and high levels of BMC and BMD in the legs, lumbar spine, femoral neck and total hip in prepubescent soccer players [49, 50] . Moreover, young soccer players show higher bone mass and hormonal concentrations than sedentary age-matched controls, especially around puberty [51] .
Nevertheless, more research on the effects of RS on BMD is needed in untrained children and adolescents.
Effects on blood pressure
Exercise training has been recommended as an effective non-pharmacological, behavioural intervention to prevent and to treat hypertension. Studies focusing on BP responses to RS in healthy individuals have demonstrated positive effects. Krustrup et al. [23] reported that in premenopausal women both resting systolic blood pressure (SBP) and diastolic BP (DBP) were reduced significantly (by 7 ± 2 and 4 ± 1 mmHg, respectively) after 12 weeks of RS, whereas only SBP was reduced in a matched running group (6 ± 2 mmHg). Further, Randers et al. [9] found that regular participation in 64 weeks of RS significantly decreased the systolic blood pressure , without significant changes in LDL or HDL concentrations [12] . Regular RS also decreased the total cholesterol of hypertensive men by a significant 5.2% [39] . Combining RS (3 x 40 min per week) with dietary restriction for 12 weeks led to a significant decrease in blood glucose (1.1 mmol · l -1 ), total cholesterol (0.6 mmol · l -1 ), and triglyceride (0.4
) in patients with diabetes mellitus [37] .
RS may also induce changes in cardiac function and structure.
Andersen et al. [6] observed increases in left ventricular end-diastolic volume of 13% and 11% after 16 weeks of RS or running training, respectively. They noted a significantly greater decrease in isovolumetric relaxation time in RS compared to the running group (26% vs 14%, respectively), whereas left ventricular systolic and diastolic performance increased in both training groups. In children aged those obtained by more conventional approaches to training, to the point that slightly higher costs and possibly greater risks of injury may prove acceptable in a cost-benefit analysis.
